Thursday, February 20, PM 


OXIDE REDUCTION Il 


(Phys. Chem. Comm./EMD, PTD/ISS) 
2:00 pm Georgian Ballroom B 
(Americana) 


Chairmen: R. K. lyengar, Jones & Laughlin Steel Corp., 
Pittsburgh, Pa., 15230 
W-K. Lu, Dept. of Metallurgy, McMaster Univer- 
sity, Hamilton, Ontario, Canada 


A Physico-Chemical Model for Reactions Between Particu- 
late Solids: General Solutions: Y. K. Rao, Associate Professor 
of Mineral Engineering, Columbia University, New York, N. Y., 
and Y. K. Chuang, forme:ly with Max-Planck-institut fiir Eisen- 
forschung, Dusseldorf, West Germany, and presently Re- 
search Engineer, Armco Steel Corporation, Middletown, Ohio 
Based on a three-stage physico-chemical model, general solutions have 
been obtained for the reduction of hematite by carbon particles involving 
COs and CO gases as the reacting intermediates. The results cover a 
wide range of reaction processes with the diffusion-controlied and the 
reaction-controlied regimes as two extremes. A simple criterion for jus- 
titying the use of asymptotic solution was developed. The prospect of 
applying current results to other metal oxide systems and the possibility 
of a non-equilibrium oxide reduction were also examined. 


A Physico—Chemical Model for Reactions Between Particu- 
late Solids: The Reduction of Hematite by Carbon: Y. K. Rao, 
Associate Professor of Mineral Engineering, Henry Krumb 
School of Mines, Columbia University, New York, N. Y. 
A generalized physico-chemical model has been formulated to describe 
the kinetics of interaction between hematite and carbon particies occurring 
through gaseous intermediates COs and CO. The values of the carbon- 
utilization factors for each of the three successive stages of the reduction 
process were determined. Asymptotic solutions of the general model 
have been obtained. Published experimental data was interpreted in the 
light of these solutions. The rate-constant was found to be given by 

li = 107-5 exp (—34,200/RT) mol/atm. g. of c. sec. 
The magnitude of the catalytic rate-enhancement due to the iron product 
was precisely defined at various temperatures. 


Structural Changes and Kinetics in the Gaseous Reduction 
of Hematite: A. G. Matyas, Noranda Research Centre, Pointe 
Claire, Quebec, Canada, and A. V. Bradshaw, Royal School 
of Mines, London, England 

Gravimetric and porosimetry measurements have been carried out for the 
reduction of Carol Lake hematite pellets in CO-COz atmospheres. At tem- 
peratures below 800°C, the reduction of each hematite crystal to mag- 
netite occurred at a shrinking-core interface, and the reaction rate was 
controlied by an interfacial step. At higher temperatures the reaction 
mechanism became complicated by a marked anisotropy in ihe growth of 
magnetite. The structural changes accompanying the transformation to 
magnetite were found to have a considerable influence on the mechanism 
and rate of the subsequent reduction to wustite. 


Solid Structural Changes During the Reduction of Iron Oxides: 
M. W. Pepper, Exxon Research and Engineering Co., Linden, 
New Jersey, K. Ki and W. O. Philbrook, Carnegie-Mellon Uni- 
versity, Pittsburgh, Pa. 

The reduction kinetics of iron ores and oxides can be significantly af- 
fected by changes in the surface area and porosity of the solid accom- 
panying the shrinking and swelling often observed during reduction. The 
underlying causes of these macroscopic phenomena can be associated 
with changes in the solid structure, i.e., the grain size and shape, and 
accompanying pore structure. These structural changes must be con- 
sidered in predictive models of reduction kinetics. The results of an ex- 
perimental investigation into the structural changes occurring during the 
reduction of a reagent grade hematite by CO-CO2 mixtures between 725° 
and 925°C are presented. The processes responsible for structural changes 
are identified and correlations are developed between the solid structure 
and the surface area and porosity. The effects of these structural changes 
on the reduction kinetics are considered both qualitatively and quantita- 
tively. 


Characterization of Metallized Iron Pellets Produced from 
Agglomerated Reactants: C. E. Seaton, J. S. Foster and G. W. 
Lower, Michigan Technological University, Houghton, Michi- 
gan 

A method has been developed for producing metallized pellets at the In- 
stitute of Mineral Research at Michigan Tech. This method involves hy- 
drothermal agglomeration of iron ove flotation concentrates, a solid reduc- 
ing agent such as coal char, and a fluxing agent followed by a high tem- 
perature reduction cycle. The final pellets typically show 98% metalliza- 
tion. The structure of pellets produced in this manner have been investi- 
gated in detail using a scanning electron microscope. The distributions of 
elements between the metallic and oxide phases were given special atten- 
tion. Sintering of the iron matrix and formation of slag particles were ex- 
amined at various stages of the reduction process. The results of this in- 
vestigation will be presented along with preliminary work on utilization of 
the pellets in steelmaking processes. 
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